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(57) Abstract 

A biochemical sample 
chamber (6) is made of a 
transparent material. At least 
two of the inner chamber 
walls (2, 3) act as substrates 
and are provided with catchers 
(5), such as chemical or 
affinity reagents. In use, 
the catchers are coupled 
to fluorescent groups (4) 
within the sample in a pattern 
representative for the sample. 
The fluorescent groups (4) of 
each chamber wall (2, 3) are 
excited, using total internal 
reflection technique, by light 
introduced to prisms (7, 8) 
corresponding to each inner 

wall which has been provided with catchers. The excited fluorescent groups emit light that is detected. Thus, the inner space of the 
chamber is used with high efficiency, thereby enabling an analizing capacity which is least twice that of a single chamber. 
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SAMPLE CUVETTE FOR MEASUREMENTS OF TOTAL INTERNAL REFLECTION FLUORESCENCE 



TECHNICAL FIELD OF THE INVENTION 

5 The present invention relates to equipment for so-called total internal 
reflection fluorescence analysis (TIRF), and more specifically to a chamber for 
accommodating a sample for T1RF analysis. 

PRIOR ART 

10 Total internal reflection fluorescence (TIRF) is an optical technique utilized in 
measurement of the presence of fluorescent molecules at solid-liquid 
interfaces, such as the interface between a transparent substrate, e.g. a silica 
substrate, and a liquid, e.g. water, exhibiting a lower index of refraction than 
the substrate. 

15 

TIRF is based on the principle that a beam of light that is traveling through 
the substrate is totally reflected against the interface and back into the 
substrate provided that the beam of light is travelling with a proper angle of 
incidence. Thus, the substrate acts as a waveguide. The basic principle for 
20 TIRF measurement utilized with the present invention is, for example, 
described in US 5,512,492, US 5,667,166, WO 9427137 and WO 9735203, all 
of which are incorporated by reference. TIRF substrates, each having a wall 
being provided with patches of different catcher compositions are described in 
WO 9427137 and WO 9735203, respectively. 

25 

The incident beams and the reflected beams interfere in the substrate to 
produce an electromagnetic standing wave at the interface. The standing wave 
yields an exponentially decaying electric field, the evanescent field, on the 
outside of the substrate. The evanescent field decays over a distance of 
30 approximately 1000 to 2000 A. 

The TIRF technology utilizing planar waveguides and measurement of 
fluorescence from the waveguide surface has earlier been used for assaying 
the presence or absence of analytes in samples. The analytes have typically 
3 5 been organic compounds (biomolecules) having one or more structures 
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selected among, for instance, peptide structures (including oligo- and/or 
polypeptide structures), carbohydrate structures, nucleotide/ deoxynucleotide 
structures (including nucleic acid structures), lipid structures (including 
steroid and glyceride structures) etc. This use has included qualitative as well 
5 as quantitative measurements. See Herron et al., SPIE Advances in 
Fluorescence Sensing Technology Vol 1885 (1993) 2-8 and 28-39, and Tony 
Murray, Resequencing Genes Using Arrayed Primer Extension (APEX), 
presented at international Business Communications 3rd Annual Conference 
on BIOCHIP ARRAYS and integrated devices for clinical diagnosis, 5-6 March 
10 1997, at Sheraton San Diego Hotel and Marina, San Diego, CA. 

Regardless of the method used, conventional TIRF analysis equipment is 
characterized in that a chamber is provided for accommodating a sample to be 
analyzed, and "catchers" are attached to the inner surface of one wall of the 
15 chamber. 

The term "catcher" is used throughout the present application as a general 
term to indicate a chemical reactant or certain kinds of affinity reactants 
coupled directly or via a linker, for instance a polymer or the like, to a 

2 0 substrate surface. The reactant is a chemical compound that can be 
associated with a corresponding chemical compound such that there is a 
mutual attraction between the compounds of the pair. Thus, examples of 
chemical ligands include the individual members of the thiol/reactive 
disulphide pair and the epoxy/ amine pair. Affinity reactants include the 

2 5 individual members of the lectin /carbohydrate pair, the nucleic 
acid/ complementary nucleic acid pair, the enzyme /substrate pair, the 
enzyme /cofact or pair and the biotin/streptavidin pair. Particularly important 
pairs of affinity reactants in the context of the present invention are those 
amongst which at least one, preferably both, of the members in a pair doesn't 

30 exhibit a polypeptide structure. This latter in particular applies to pairs of 
complementary nucleic acids. 

Typically, the sample is added to the chamber together with suitable reagents, 
a suitable buffer solution and fluorescent groups, such as fluorescently 
35 labeled nucleotides. After a dwell time, during which the fluorescent groups 
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are bound to the catchers, the remaining sample is washed away and 
substituted by an aqueous solution. Light is introduced into the chamber wall 
provided with the catchers, and the resulting fluorescent light is registered for 
further steps of analysis. 

5 

There are technical limitations to the obtainable catcher surface density. 
Therefore, in order to extract as much information as possible from the same 
sample a sample is often transferred from one chamber, which is provided 
with a first set of catchers and wherein the sample is analyzed in a first step, 
10 to a second chamber, which is provided with a second set of catchers and 
wherein the sample is analyzed in a second step. Actually, even more steps, 
including more chambers, may be utilized. 

However, there is a continuous need for improved analyzing capacity of such 
15 equipment. 

SUMMARY OF THE INVENTION 

The present invention seeks to provide TIRF equipment and methods with 
improved analyzing capacity. 

20 

This object is achieved with a device in accordance with claim 1, a system in 
accordance with claim 7 and a method in accordance with claim 9. 

According to the present invention, it is possible to perform more than one 
25 analyzing steps using one chamber only, thereby avoiding the time consuming 
transfer of the sample from one chamber to another chamber in sequence. 
This is achieved by providing the chamber with numerous activated chamber 
surfaces for detecting fluorescent groups. 

3 0 Further features, advantages and applications of the present invention will 
become apparent from the detailed description given hereinafter. 
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The present invention will become more fully understood from the detailed 
description given below and the accompanying drawings, which are given by 
way of illustration only, and wherein: 

5 Fig. 1 is a schematical perspective view of a sample chamber for use with 
the present invention; 

Fig. 2 is a cross sectional view of the chamber of Fig. 1, taken along line 
I-I and illustrating catchers disposed according to an embodiment of the 
1 0 present invention; 

Fig. 3 is a cross sectional view according to fig. 2, illustrating a first 
analyzing step according to the present invention; 

15 Fig. 4 is a cross sectional view according to fig. 2, illustrating a second 
analyzing step according to the present invention; 

Fig. 5 is a schematical perspective view of another embodiment of a sample 
chamber for use with the present invention; 

20 

Fig. 6 is a schematical perspective view of a set of sample chambers according 
to the present invention disposed in a rotating disk; 

Fig. 7 is a schematical perspective view of the rotating disk of fig. 6, 
2 5 illustrating the fluorescence detection arrangement; 

Fig. 8 is a cross sectional view similar to the view of Fig. 3, showing an 
alternative embodiment of light introducing prisms; 

30 Fig. 9 is a cross sectional view similar to the view of Fig. 3, showing yet 
another embodiment of a light introducing means 



35 



DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

A first embodiment of a chamber according to the invention is shown 
schematically in the perspective view of Fig. 1, and in cross-section of Fig. 2. 



WO 00/62042 PCT/EP00/03185 

5 

The chamber 6 is formed in a cell 1, said cell being made of any suitable 
transparent material, such as glass or a chemically resistant plastic. The cell 
is typically assembled from an upper part 1A sealed with a suitable adhesive 
to a lower part IB which is provided with recesses forming the chamber 6, an 
5 inlet channel 14 and an outlet channel 15, as is well known in the art. 

The upper cell wall is provided with a prism 7 for introducing a ray of light at 
an angle with respect to the upper cell wall into the upper wall. Similarly, the 
lower cell wall is provided with a prism 8 for introducing a ray of light at an 
10 angle with respect to the lower cell wall into the lower wall. 

Thus, the chamber 6 formed inside the cell 1 exhibits an upper inner wall 3 
and a lower inner wall 2. Using any conventional method suitable for the 
purpose, such as the earlier mentioned method according to US patent 
15 5,807,522, catchers 5 are attached to these upper and lower inner walls 2, 3. 

Depending on the method used, fluorescent groups 4 are provided on the 
catchers 5, either as separate components in a sample containing DNA 
and/or RNA, or as groups that in a previous step have already been coupled 
20 to the DNA or RNA groups of the sample, Although not new in itself, an 
illustrative, not limiting example of this shall be described in some detail. 

The protocol for the provision of fluorescent groups on each inner chamber 
surface 2,3 provided with suitable catchers, as described above, includes the 

2 5 steps of 

(i) introducing a liquid into the chamber 6 via the inlet channel 14, said 
liquid including fluorescent groups that are capable of becoming bound to the 
catchers on the inner chamber surface 2,3, and 

(ii) incubating for a sufficient period of time for the fluorescence groups to 

3 0 become bound, if possible, to the catcher. 

The duration of the incubation step will differ depending on the reagents 
used. When very fast reactions are utilized, the incubation duration may 
approach zero or close thereto, meaning that those two steps in principle may 
3 5 coincide. 
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The fluorescent group may be a fluorescence-doped substance selected from 
the group consisting of individual members of the above-mentioned pairs of 
affinity or chemical reactants, with preference for nucleic acids (DNA, RNA, 
5 nucleic acid analogues such as LNA, PNA etc), and epoxy- or amino- 
containing compounds, thiol- or reactive disulfide-containing compounds etc. 

The catcher on the inner walls 2,3 of the chamber may be located in a number 
of sub-areas, for instance in the form of spots, on each respective inner wall. 

10 The catcher of each sub-area may differ with respect to kind and/or density 
(number of molecules per unit area). The number of sub-areas (spots) per unit 
area (cm 2 ) may be from two up to 100, 1000, 10.000 or even 100.000. 
Appropriate techniques for applying different kind of catchers to small sub- 
areas are known in the field, as is suggested in US 5.445.934 and US 

1 5 5.807.522, hereby incorporated by reference. 

After preparation, as described with the steps i) and ii) above, the inner walls 
of the chamber are prepared for analysis in that those catchers 5 that where 
sensitive to components present in the liquid are now provided with 
2 0 fluorescent groups 4. 

According to the invention, following the preparation steps the chamber walls 
that have been provided with catchers are analyzed in sequence. More 
specifically, in a first analyzing step one of the chamber walls is irradiated 
25 with light using the TIRF principle to energize the fluorescent groups attached 
to that wall, followed by the detection of these groups with a fluorescence 
detecting device. In a second analyzing step the measures of the first step are 
repeated for a second inner wall. Thus, the analyzing steps are repeated for 
each wall of the chamber that has been provided with catchers. 

30 

The analyzing steps are typically run with the chamber filled with the 
appropriate liquid, preferably an aqueous solution. 

In certain embodiments, a general cleaning step for restoring the chamber 
35 could be performed after each analyzing step. 
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The first and second analyzing steps described above are illustrated for a 
double-sided TIRF chamber in Fig. 3 and 4, respectively. 

5 In the first analyzing step, a substantially monochromatic light source 10A, 
such as a laser or a lamp with a filter for selecting the proper wavelength, 
emits light that is guided into the upper part 1A of the cell through a prism 7. 
The prism 7 and the position of the light source 10A are selected such that 
the ray of light 1 1 hits the interface between the upper wall 3 and the liquid in 

10 the chamber 6 at the angle of incidence necessary to produce a total internal 
reflection. The ray of light propagates in the wall, thereby producing an 
evanescent field that excites the fluorescent groups 4' associated with that 
wall. These groups 4' now emit light. A fluorescence detecting device 20A, 
such as a CCD camera with a suitable filter, is arranged to monitor the 

15 transparent upper wall area of the upper cell part 1A to detect and register 
those positions where excited fluorescent groups emit light for further 
analysis in a subsequent step not described herein. 

In one embodiment of the present invention the second analyzing step, which 
20 is performed after the first analyzing step, corresponds to the first analyzing 
step in substantially all respects, i.e. the incoming ray of light 12 from a 
second source of light 10B enters through a prism 8 in the lower part IB of 
the cell to excite the fluorescent groups 4 of the lower wall 2 catchers 5. A 
second fluorescence-detecting device 20B registers the positions for the 
25 present fluorescent groups. 

A second embodiment of the invention differs from the embodiment described 
above in that only one source of light 10A and one fluorescence-detecting 
device 20A are provided, making Fig. 3 useful also for this second 
30 embodiment. The prisms 7, 8 are disposed symmetrically with respect to each 
other. Thus, the second analyzing step of the method of the invention is 
performed by simply turning the cell 1 around to position the previously lower 
cell wall upwards. Of course, the same effect is achieved by changing the 
positions of the light source 10A and the fluorescence-detecting device 20A 
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instead of turning the cell, or by redirecting the light with any suitable 
reflecting device. 



Actually, provided that the cell walls and the liquid are transparent enough, 
5 the fluorescence-detecting device 20A could be provided at one side only of 
the chamber, regardless if one or several light sources are used. By 
correlating the readings from the fluorescence-detecting device 20A with 
information on which wall is actually irradiated, the fluorescence-detecting 
device 20A is able to register the fluorescent groups through the opposing wall 
10 of the chamber. 

When designing a chamber according to the invention, care should be taken 
to ensure that opposing walls for attaching fluorescent groups are not 
disposed too close to each other. If the opposing walls are separated a 
15 distance less than about 2000 A there is a risk that the evanescent field 
generated when a first wall of the chamber is irradiated with light will affect 
also the fluorescent groups of a second opposing wall. If, in such a case, the 
fluorescent groups on the second wall are also excited and emit light, these 
will interfere with the readings of the light emitting groups of the first wall. 

20 

It should be noted that any of the prisms could, alternatively, be positioned 
inside the wall, as is illustrated with the prisms 107 and 108 in the detail 
view of Fig. 8. In Fig. 8, which shows a ray of light 111 from a light source 1 10 
being introduced via the prism 107, all the components, except for the prisms, 
2 5 are similar to their corresponding components of Fig. 1, 2 and 3. 



Even other alternative means for introducing the light are useful. For 
example, the light introducing means described in US patent 5,512,492 is 
useful with the invention of the present invention. In Fig. 9 is shown an 

3 0 embodiment wherein a ray of light 211 from a light source 210 is introduced 
through the end surface 207 of an upper cell plate 201 A covering the chamber 
206. A bottom cell plate 201B, having an end surface 208 adapted for 
introducing light, forms the bottom of the chamber 206. For the rest, the 
components of the embodiment according to Fig. 9 are similar to the 

3 5 , corresponding components of the embodiment shown in Fig. 1, 2 and 3. 
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An embodiment of a chamber 31 according to the invention is shown in Fig. 5. 
The chamber 31 is provided with four inner walls 32-35, each inner wall being 
provided with catchers (shown for two inner walls hidden in Fig. 5). Prisms 
5 38A-D are provided at one end of each outside wall, respectively. The end 
openings 36, 37 act as inlet and outlet channels. For simplicity, light sources 
as well as fluorescence-detecting devices are not shown. 

As is obvious, the method described above is useful also for the chamber 31 of 
10 Fig 5, wherein the analyzing step, according to the invention, is repeated for 
each wall, i.e. four times. 

It is also obvious that the number and positions of walls, light sources and 
fluorescence-detecting devices could be altered in any useful way, while still 
15 being within the scope of the invention. 

The method and the device of the invention provide the advantage that a 
number of analyzing steps, corresponding to the activated wall surfaces 
within the chamber, could be performed without transferring the sample to 

2 0 different chambers. 

Thus, the time for analyzing is shortened since the steps of incubation and 
washing need not to be repeated for each chamber. 

25 Furthermore, each step of transferring the sample gives rise to losses, since 
some components of the sample always diffuses into the transferring liquid, 
and is wasted during washing. The present invention avoids this. 

Still further, space is saved using the invention since a chamber according to 

3 0 the invention provides more analyzing area per unit of spatial area than a 

conventional single-side chamber does. 

Fig. 6 and 7 shows an embodiment of the invention wherein a number of 
double-sided chambers (three are shown in Fig. 6, one of which is shown in 
35 Fig. 7) are disposed in a disc member 42. 
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The disc 42 is made from a double layer transparent plastic material. 
Recesses are formed in opposing surfaces of the layers to form chambers 41, 
inlet channels 43 and outlet channels 44 when the layers are properly 
5 sandwiched to form the disc 42, as is well known within the art. 

Depending on the application at hand, the inlet channels 44 and the outlet 
channel 43 of each chamber 4 1 are in fluid communication with any suitable 
means, such as a pressure building device, another chamber, a sample inlet 
10 port, a waste outlet etc. (not shown). 

The upper side of the disc 42 is provided with prisms 45, one for each 
chamber, while the lower side of the disc 42 is provided with corresponding 
prisms 46 (not shown for clarity), one for each chamber 41. 

15 

The disc member 42 is adapted to be rotated around its axis. For this reason, 
the disc 42 is provided with a central hole 47 for accommodating a rotating 
shaft of a driving device (not shown). 

20 In use, the chambers 41 are filled with sample liquid simultaneously or in any 
selected order. The analysis is made according to the steps of the invention 
described earlier. 

By rotating the disc 42 around its center it is possible to analyze numerous 
25 chambers in a simple way using only one light source 51 and one 
fluorescence-detecting device 53 to detect excited fluorescent groups 4". Of 
course, the use of multiple light sources and fluorescence-detecting devices 
improves the productivity even further. 

3 0 Thus, using the embodiment according to Fig. 6 and 7, a very compact high- 
productivity multi-chamber analyzing station is provided. According to the 
invention, the inner space of the chamber is used with high efficiency. It is 
possible to at least double the analyzing capacity of a single chamber. 
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A chamber according to the invention has numerous uses. A non-limiting 
example of this is the use for assaying an analyte in a sample, as indicated in 
the introductory part of the present application. This use comprises the steps: 

(a) incubating the inner walls of the substrate chamber of the present 
5 invention with a liquid containing a fluorescent group and possibly an 

analyte; and, 

(b) detecting by TIRF the occurrence of the fluorescent group on each wall 
separately. 

10 The conditions for step (a) are selected to provide binding of the fluorescent 
group to the inner walls via a catcher on each respective wall in a manner 
which reflects the presence/ absence and /or the amount of the analyte in the 
liquid. See, for example, the publications on TIRF referred to in the 
introductory part of the present application. In the most important variants 

15 this means that a complex comprising the fluorescent group and the catcher 
will be formed on at least one of the inner walls, when the analyte is present 
in the liquid. The level of total internal reflection fluorescence (TIRF) of the 
fluorescent group of the surface will therefore in these variants represent the 
presence /absence and/ or amount of the complex for a certain combination of 

2 0 catcher, fluorescent group and analyte, and thus also the presence/absence 

and/ or amount of the analyte concerned with the combination in the liquid 
incubated in step (a). In certain variants the fluorescent group and the analyte 
as present in the liquid may be the same entity, i.e. the analyte is fluorescent, 
for instance a fluorescently labeled analyte analogue. 

25 

During step (b), the fluorescent group bound to the inner wall will respond to 
the evanescent field created by the TIRF method to emit light that is 
detectable with any suitable equipment, thereby providing information about 
the presence/absence and/or amount of the analyte as present in the liquid 

3 0 introduced into the chamber. 

Between steps (a) and (b) there may be one or more steps in which the liquid 
used in step (a) is replaced with liquids not containing compounds disturbing 
the measurement of the light emitted by the fluorescent group bound to the 
35 inner wall, for instance washing liquids. 
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By using two or more fluorescent groups and/ or two or more different 
catchers it will be possible to assay for two or more analytes simultaneously. 
In this case each wall may have different sets of catchers, for instance with 
5 different kind and/ or density of catchers in separate sub areas of each inner 
wall. 

The term analyte in the context of this example of use includes an original 
analyte as it occurs in an original sample or a processed original analyte 

1 0 (analyte analogue) as it appears in a processed sample. An analyte analogue is 
related to the presence /absence and/or amount of the analyte in the original 
sample. Depending on the analyte, sample, assay protocol etc. the original 
sample with its original analyte or a processed sample together with an 
original analyte or an analyte analogue will or will not be included in the 

15 liquid placed in the chamber in step (a). 

It is obvious that the present invention, as illustrated with the embodiments 
described above, may be varied in many ways, for example by combining 
features of different embodiments. Such variations are not to be regarded as a 
2 0 departure from the scope of the invention, and all such modifications as would 
be obvious to one skilled in the art are intended to be included within the scope 
of the followin g claims . 



WO 00/62042 



PCT/EPOO/03185 



13 

CLAIMS 

1. A chamber (6, 31, 41), for performing total internal reflection 
fluorescence (TIRF) measurement, provided with at least two walls (2, 3; 32- 

5 35) and 

characterized in that at least two of the walls (2, 3; 32-35) at selected areas 
are provided with catchers (5) . 

2. The chamber (6, 31, 41) of claim 1, 

10 characterized in that the chamber (6, 31, 41) includes a pair of diametrically 
opposed walls (2, 3; 32, 34), both said walls at selected areas being provided 
with catchers (5). 

3. The chamber (31) of claim 2, 

15 characterized in that the chamber (31) further comprises a second pair of 
diametrically opposed walls (33, 35), said second pair of walls being 
essentially perpendicularly disposed with respect to said first pair of walls (32, 
34), and at least one of the walls of said second pair being provided with 
catchers (5). 

20 

4. The chamber (41) of claim 2, 

characterized in that said chamber is integrally formed within a circular disc 
adapted to rotate around its axis. 

25 5. The chamber (6, 31, 41) according to anyone of the claims 1 

through 4, 

characterized in that the catchers (5) are chemical reactants selected from the 
group consisting of the individual members of the thiol/reactive disulphide 
pair and the epoxy/ amine pair. 

30 

6. The chamber (6, 31, 41) according to anyone of the claims 1 

through 4, 

characterized in that the catchers (5) are affinity reactants selected from the 
group consisting of the individual members of affinity pairs in which at least 
3 5 one, preferably both, of the members doesn't comprise polypeptide structure. 
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7. A fluorescence detection system (10A, 10B, 20A, 20B, 6; 51, 53, 

41) for use with a sample chamber according to any of the previous claims, 
characterized in that it comprises 
5 means (10A, 10B; 51) for light irradiation of each chamber wall being provided 
with catchers having fluorescent groups attached thereto; and 
means (20A, 20B; 53) for detecting light emitted from the fluorescent groups 
on each such chamber wall. 

10 8. The fluorescent detection system of claim 7, characterized in that 

the light irradiating means (10A, 10B; 51) is sequentially operative on each 
respective chamber wall being provided with catchers, and 
the means (20A, 20B; 53) for light detection is operative on each chamber 
surface subsequently to its irradiation by the irradiating means. 

15 

9. A method for analyzing a biochemical sample comprising the 

steps of: 

- filling a chamber with a sample, said chamber being provided with at least 
two inner surfaces each being provided with catchers for interaction with 

2 0 components in the sample; 

- introducing fluorescent groups that may or may not be capable of becoming 
bound to the catchers on the inner chamber surface (2,3); 

- incubating for a sufficient period of time for fluorescence groups to become 
bound to the catcher; 

2 5 - irradiating one of the chamber walls being provided with catchers with light 

using the total internal reflection technique to energize the fluorescent groups 
attached to that wall; 

- detecting the energized fluorescent groups with a fluorescence detecting 
device; and 

3 0 - repeating the steps of irradiation and detection for each chamber wall being 

provided with catchers. 



10. 



The method according to claim 9, 
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characterized in that the catchers of the inner chamber surfaces are selected 
among the group of chemical reactants consisting of the individual members 
of the thiol /re active disulphide pair and the epoxy/amine pair. 

5 11. The method according to claim 9, 

characterized in that the catchers of the inner chamber surfaces are selected 
among the group of affinity reactants consisting of the individual members of 
affinity pairs in which at least one, preferably both, of the members doesn't 
comprise polypeptide structure. 
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